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RESEARCH MEMORANDUM

AN NACA TRANSONTC TEST SECTION WITH TAPERED SLOTS
TESTED AT MACH NUMBERS TQ 1.26

By Vernon G. Ward, Charles F. Whitcomb,
and Merwin D. Pearson

SUMMARY

An NACA octagonal transonic slotted test section has been modified
to include slots with point origins located at the tunnel ssrodynsmic

minimum and which diverged linearly over a length of l% Jet dismeters.

The wmiformity of the supersonic flow along the axis of this configura-
tlon was Investigated and an indication of interference effects on &
body of revolution was obtained.

Pressure distributions along the axis and ome wall of this slotted
configuration are presented and indicste the attainment of a test reglon
with satisfactorily wniform Mach number distributions throughout the
supersonic Mach number range from 1.0 to 1.26. The supersonic Mach
number in thils range can be varied continuously merely by varying the
power.

Pressure dlstributione over a relatively large nonlifting body of
revolution In this slotted test section when compared with similar
measurements- obtained in an essentially interference-free large closed
wind tunnel indicated & reasonsble agreemsnt over most of the model
surface at subsonlc and transonic Mach numbers up to 1.08. At grester
test Mach numbers, disturbaences belileved to be due to shock reflections
associated with ths body bow wave appeared at the surface of the model.

INTRODUCTION

The attalmment of supersconic flows in an NACA transonic test section
was firet reported in reference 1. Supersonic velocltles were established
In this slotted test section by merely increasing the pressure difference
across the slotted test section; the supersonic flow when once establisghed
could be varied continuously by varying this pressure difference. The
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pressure dilstributions along the axis of the slotted test section gppeared
falrly satisfactory within the ranges of test-sectlon Mech numbers from 1.0
to 1.1 with variatione in Mach number not exceeding *0.025. As the Mach
nunber 1s increased above 1l.l, the axlal distribubtion of pressure becomss
‘progressively less satlsfactory, and at a test-section Mach number of 1.27
varlations in Mach number of *0.05 occurred within the length of the test
gection. Thess pressure dlstributions were slso characterized by a rapld
Initial expansion to the test-sectlon Mach number. The effective nozzle
length necessary to initlally expand the flow to the test-section Mach
number 1n this rectangular-slot canfiguration wag of the order of 1/2 Jet
dlemeter.

This investigation was conducted in an attempt to establish more
uniform supersonic flows slong the axis of an NACA trensonic test section
than had previously been obtailned. At the same time the favorasble char-
acteristice of the original slotted test section (reference 1), that is,
the continuwously variable supersonic Mach number, the beneficlal reduction
of solid blockage interference effects, and the elimination of choking
wore 1o be maintalned.

A posslble approach to the attainment of improved axlal pressurs
distributions In the low supersonic Mach number renge up to 1.27 appeared
to be the reduction of the rapid initlal expsnsion associated with the
ghort effective nozzle length in the rectangular-slot configurstion. In
an effort to increase the length of the effective nogzle, 1t was con-
gldered that the introductlon of long tapered slots origlnating at a
point might result in a more gradual expsmsion of the flow to the test-
section Mach number.

Based on this approach a slot which orlginated at a point and

diverged linearly for l% Jot dlameters was Incorporated into an WACA

transonic test sectlon. Axial pressure distributions along the tunnel
wall and center line were obtalned through a continuous Mach number range
up to 1.26 with the test section empty. Further tests, similar to those
conducted In reference 1, in which a relatively large prolate spheroid
wag used as a model, were made to investigate twmnel-wall Interference
assoclated with the divergent slot throughout the speed range up to a.
Mach number of 1l.2. : - -
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SYMBOLS

The following symbols are used in presenting the results of this
investigation:

8 velocity of sound in alr

D effective dlameter of tunmel (dlameter of circle with area
equal to that of tumnel cross section)

H absolute total pressure

1 body length

M . gtream Mach number (V/a)

My stream Mach number at midpoint of model location, tumnel
empty

MF stream Mach number st nose position of body, tummel empty

Mg stream Mach number at tail position of body, tumnel empty

P absolute statlic pressure

(p/‘H)cr critical pressure ratio (M = 1.0)

S distance from midpoint of test section along tunnel longi-
tudinal axis

St distance from origin of slot along tummel longlitudinsl axls

v gtream velocity

X axial distance from nose of body

APPARATUS AND METHODS

A 12-inch effective-dlameter octagonal slotted test sectlion similar
to the test section described in reference 1 was used for the present
study. The test section had a lengbth-dlemeter ratio of 2 and was sur-.
rounded by a tank whose diameter was twlce the Jet diemeter. Eight axial
slots were located at the corners between the flat sides. The slots had
point origins located at the aserodynemic minimum and diverged linsarly
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for 1= jet diameters, downstream of which staiion ths slots maintained

nearly constant width such that one—eighth of the total periphery
remained open. Because of physical limitations the E-Jet-diametsr

divergent slot was selected as the maximum length divergent slot for
this tunnel configuration. The slots were continued approximately 1 Jet
diemeter into the diffuser such that the flats between the slote main-
tained constant width. The cross-sectional ares st the downstream end
of the slois was approximately 20 percent greater than that at the aero-
dynamic minimum. A longitudinel schematic diagrem and a scaled cross-
sectlonal view of the slotted reglon are presented in figure 1.

The test model was a l%-inch-diameter_prolate gpherold of fineness

ratio 6 (reference 1). The orifice locations on the model ars presented N
in figure 2. : - - o . T

The local static pressures along the test section. center line were
obtained by meens of orifices in s %-inch-diameter axial tube extending

upstream through the test section to the entrance bell. Pressures along
the longitudinal center line of a tummel flat and along the tank wall
were recorded simultaneously with the pressures along the test-section
center line. The tumnel air-stream Mach number was calibrated over the
entire epeed renge by using as a reference the pressure megsured at a
single orifice located in the tank near the upstream end of the slotted
reglon. The total pressure of the alr straam wa.s obtained in the settling
chamber upstream of the entrance cone. ' . = =

Model pressures were recorded simulisneously with the calibrated
free-stream Mach nimber and were not corrected for exlsting exial pressure
variations noted in the model test region. For comparison, an esgen-

t1ally Interference-free test of the model was obtained in the - -

Langley 8-foot high-speed tunnel (reference l)

Schlieren studises of the tunnel-empty configuration wore made with
a conventional single-path, parallel-light, schlleren. system utilizing
l2-inch-dlameter parsbolic-mirror surfaces ghd s 11ght gource producing
flashes of approximately 10 microseconds duration.
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RESULTS AND DISCUSSTON

The axlal pressure distributlions along the center line snd wall of
a 12-inch-effective-diameter octagonal transonic slotted test secticn,
utilizing a rectangular-shaped slot as reported in reference 1 , are
shown In figure 3.

Figure 4 presents similar pressure distributions in the slotted
test section with the pointed divergent slots l% Jet dlamesters in length.

Also iIncluded are pressure distributions along the tank wall.

The maximum axlel Mach number varlation over a reglon 2/3 Jet
dlasmeter in length corresponding to the model location in the slotted
test sectlon employing the rectangular-slot configuration (fig. 3) was
approximately #0.022 at a free-stresm Mach number of 1.08 and increased
In magnitude to I#0.053 at a free-stream Mach number of 1.27. Mach
number varlations are likewise presented in table I for the entire test

Mach number range in the slotted test section with pointed divergent slots
1-%- Jet dlameters in length. A maximum Mach number varistion of #0.008

was Indicated In the transonic Mach number range up. to 1.05. In the low
supersonic Mech number range between 1.05 and 1.24k, the maximum Mach
number varistion is #0.015 and increases to 0.018 at the limiting test
Mach number of 1.266. Although the axial pressure dilstributions in the
rectangular-slot configuration appeared fairly satisfactory up to a Mach
number of 1.1, an apprecisble improvement in axisl-flow miformity is
shown for the divergent-slot configuration in this Mach number rengs. In
additlon, the range of satisfactorily wmiform sxial pressure distributions
1s extended to a Mach number of 1.26. :

Schlleren photographs of the flow in the transonlc slotted tumnel
with the divergent slots are presented throughout the Msch number range

from 0.99 to 1.26 in figure 5. The %-inch-dia.mater axisl static survey

tube 1s shown In positlon. The longitudinal location of the schlieren
field 1s designated in figure 4. The photograph at Mach number 0.0
(fig. 5(a)) shows only exlsting striae in the schlieren windows. While.
these striations complicate the photographs , an Indication of relative
density changes and disturbances can be noted. A%t a Mach number of 0.999
(fig. 5(b)), the schlieren fileld appears to be free of dlsturbances. As
the Mach number ie increased to 1.028 (fig. 5(c)), several weak normal
disturbances appear at the upstream end of the slotted reglon. These
disturbances are assoclgted with a slight rise 1In static pressure ratio
corresponding to 0.008 in Mach number as noted in figure 4. A partial
transition of these weak normsal disturbances Into multiple weak oblique
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waves occurs a8 the Mach number is increased to 1.048 (fig. 5(d)). These
oblique disturbances do not appear to originate at the point origin of the
slot. Further increases in Mach number (figs. 5(e) to 5(1)) indicate

complete transition to multiple oblique disturbances which remain ex- B
tremely weak, substantiating the trends of the flow alang the sxisg of the :
tunnel indicated in Figure L.

The investigation of the long divergent slot in an NACA transonic
test section indicated that the rapld rate of expansion to the test-
gection Mach number in the rectangular-slot configuration was consider-
ably reduced. At a Mach number of 1.27, the'expansion oGCuUrs over an .

effectlive nozzle length of approximately lE Jot diameters in the
divergent-slot confilguration and slightly more than E Jet diameter in

the rectangular-slot configuration (figs. 3 and k). This decrease in
rate of flow expension was assoclated with an apprecilable reduction of
the compresslon region following the Initlel expansion present in the __
rectangular-slot configuration.

Satisfactory agreement between tunnel center-line and wall pressure
distributions is indicated for the portion of the slotted test section
irmediately following the effective nozzle reglon in the divergent-slot
configuration (fig. 4). Tenk-wall pressure distributions also shown in
this figure remain uniform at all test Mach nuﬂbers.

The similarity of limiting Mach nwmbers in both tunnel conflgurations
1g believed to result from duplicate area ratios at the station where the
glots fair into the solid portion of the diffuser. The longltudinal
pressure distributions, shown in flgure b, along the tunmel center line
and wall indicate. that a strong disturbance moves downstream in the
slotted portion of the diffuser as the supersonic tegt-Mach number is
increased. At the limiting test Mach number of 1. 26, this disturbance
appeare to be located at a downstream.station vhere the ‘tummel cross
section ls essentially closed. The pressure distributions also show a
local decrease in the static pressure ratio which occurs over a rear
portion of the slotted test reglom. This decrease 1s believed to result
from the short falred transltion section of the tunnel wall between the
glotted test section and the slotted diffuser necessary because of the
introduction of the long divergent slot entrance Into the fixed-length
glotted test sectlion. -

The horsepower required for the divergent-slot configuration 41d not
exceed that reported in reference 1 for the. rectangular-slot canfiguration.
As the primary purpose of this investigation wag confined to the establish-
ment of axially wmiform supersonic flows, no'! particular effort was made
to obtaln optimum power performance.
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Figure 6 presents the measured pressure distributions over the

1
l§-inch-diameter prolate spherold at zero angle of attack in the transonic

slotted tumnel employing divergent slots in comperison with eimilar
pressurs dlstributions obtained in the 8-foot-dlameter circular closed
tunnel for several Mach numbers. These pressure-distribution comparisons
gre simlilar to those obtained with the seme body In the rectangular-slot
configuration of reference 1. The pressure distributions over the test
body mounted in the 8-foot tumnel are regarded as essentially interference-
free since the ratio of cross-sectional area of body to cross-sectional
ares of tumnel is 0.00019. These pressure distributlions were obtalned
throughout the subsonic Mach number range to 0.99 and at a supersonlc
Mach number of 1.2 (reference 1). Additional supersonic Mach numbers
wers obtained between 1.02 and 1.2 by moving the test body upstream into
the supersonic nozzle of the 8-foot tummel where a positive Mach number
Increment of approximately 0.03 existed over the model. The Mach numbers
at the nose position of the body were used for the comparison in this
Mach number range.

A Mach number calibration in the slotted tunnel, based upon the tenk
pressure at the upstream end of the tank, was used to indicate air-stream
Mach number at & location in the test sectlon corresponding to the mid-
point position of the test body. The pressures over the test body were
not corrected for the existing axial pressure gradients that are shown
in Pigure 4. The forward portion of the model extended over the down-
stream end of the divergent slotted reglon approximately 1/3 Jet diamsters
so that the ratio of open to total peripheries of the tumnel opposlite the
nosge of body was approxlimately one-tenth.

The pressure dlstributions over a largs portion of the body show good
agreement for the two tunnel configurations at subsonlc Mach numbers not
groatly exceeding the critical and falr agreement over most of the model
surface at Mach numbers up to 1.08. This Includes a large portion of the
Mach number range between 0.88 and 1.13, through which thls body could
not poesibly be tested in a closed tumnel of equsl size because of
choking. Above a Mach number of 1.08, a pressure rlse relative to the
pressure distributions obtained in the Lengley 8-foot high-speed tumnel
appears over the forward part of the body and moves rearward with
increasing Mach number. At a Mach number of 1.20, the pressure rise
occurs at about the 65 percent body station. This pressure rise appears
to correspond to reflected shock waves assoclated with the body bow wave
indicated in reference 1 snd by other schlleren observations not lncluded
in this report. The pressures over the body rearward of these non-
wmiformities fall below the pressures obtained in the 8-foot=timnel tests.
A pressure rise also occurs over the rear 30-percent portion of the body
for a test Mach number of 1.020 and sppears to Indicate & difference of
shock movement with test Mach number simllar to that reported in ref-
erence 1. The positlive Mach number Iincrement of approximately 0.03 over
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the body in the 8-foot tunnel st this low supersonlc Mach number tends
to exaggerate the aforementioned pressure difference.- -

This investlgation has demonstrated the. feasibility of establishing
reasonably uniform supersonic flows in a slotted test section through a
continuously varisble Mach number rangs up to 1.26, while at the same
time Indlicating a beneficial reduction of s0lid blockage interference
and the elimination of choking which were first reported in reference 1.
Although reasonsbly uniform axial Mach number distributions cen be
obtained in this slotted configuration, tests on a body of revolution
Indicate that before these uniform flows caii’ be completely utilized for
tests of relatively large models, disturbances over the model, apparently
caused by shock reflections associated with the model bow wave must be

reduced or eliminated. The pointed l%-get-diameter linear-divergent slot

conflguration employed in the octagonsl trensonic test section does _ .
not necessarily include the optimum divergent slot lemgth or plan form,

but of a number of slot configurations investigated, it has produced the
most nearly wniform velocity distributions in the transonic speed range.

CONCILUSIONS - g D =

The results of an Investigation in the NACA 12-inch octagonal . .
slotted transonic test section employing pointed linearly divergent slots

15 tunnel dlsmeters In lengbth indicate the fellowing conclusions:

1. A model test reglon with satisfactorily wmiform Mach number
distributione can be obtalned in this slotted test section throughout
the supersonic Mach number range from 1.0 t0.1.26, and the supersonic
Mach number can be varied continuously merely by varying the power.

2. A beneficlel reduction of interference effectes dus to sclid
blockage and the slimination of choking are obtaingble_in this con-~
figuration on a relatively large nonlifting body of revolution through
the Mach number range to 1.08. : .
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3. Further investlgatlon to eliminste or alleviste disturbances
over test models apparently caused by shock reflections is necessary
before the miform supersonic flows in thils slotted confilguration can
be completely wbtilized for tests of relatively large models.

Langley Aeronautical Laboratory
Natlonal Advisory Committee for Aerocnasutics
Langley Alr Force Base, Va.
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TABLE T : -
AXTAT, MACH NUMBER VARTATION OVER MOIEL TEST REGION IN

NACA TRANSONIC TEST SECTION WITH. POINTED lé-JET-

DIAMETER DIVERGENT SLOTS

Stresm Mach nimber over 2. et~dlamet
’ A O 3 J er
Mg, test region
0.856 . %£0.006
907 : L007
934 007
9kg .008
978 .008
-999 007
1.028 00k —
1.048 00k
1.069 j .009
1.112 010
1.127 Mot
1.143 012
1.16L 015
1.196 L 011
1.237 : 015
1.266 : .018

|
R
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Figure 5. — Schlieren photographs of the flow in the transonic slotted
tunnel, with pointed l%-jef—diame’rer divergent slots.

(Position of field noted in fig. 4).
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